INTRODUCTION
Worldwide, approximately 348.3 million people are living with type 2 diabetes mellitus (T2DM). 1 2 As T2DM progresses, insulin therapy may be required to achieve glycaemic control. The 2015 ADA/EASD Position Statement on Managing Hyperglycemia in T2DM recommends initiating basal insulin in combination with oral therapy among the appropriate options for patients who are
Strengths and limitations of this study
▪ This is the first comprehensive literature review and network meta-analysis (NMA) summarising the available clinical trial literature on the clinical benefits of the newly approved basal insulin, Gla-300, and potential basal insulin comparators, and enabling comparisons between these therapies. ▪ The systematic literature review was limited to only English language literature; while this is likely to include all major randomised clinical trials conducted for basal insulin therapy in type 2 diabetes mellitus (T2DM), it may exclude smaller studies with no publication in English. ▪ The NMA was conducted in accordance with National Institute for Health and Care Excellence guidance and extensive sensitivity analyses were utilised to assess the robustness of the findings. ▪ While NMA enables the synthesis of available clinical information, it is not a substitute for head-to-head clinical trials to compare therapies, and such trials should be encouraged and conducted.
onwards. The NMA focused on studies published recently (ie, based on availability of basal insulin analogues). At the time of analysis, the Gla-300 vs Gla-100 studies were only available in clinical study reports; however, these studies have subsequently been published. [6] [7] [8] Several quality control procedures were in place to ensure appropriate study selection and data extraction. Screening of abstracts and full-text was conducted by two independent researchers (a third independent researcher made a final determination for articles for which there was uncertainty). Data extraction was also conducted by two independent researchers (with reconciliation of discrepancies). Where available, full-text versions of the article were used for data extraction (an abstract or poster was not used unless it was the terminal source document). All processes were documented by the researchers and the data extraction file was also quality checked. The source materials (abstracts, full-text articles) and data extraction files were sorted, and saved on a secure server.
Inclusion criteria
In order to be considered for the NMA, clinical studies identified by the systematic literature review had to meet the following criteria: randomised active comparatorcontrolled clinical studies, patient population of adults with T2DM treated with basal insulin (with or without bolus), patients could be newly initiating insulin (naïve) or already exposed to insulin, and a minimum follow-up of 20 weeks. In addition, studies were required to have patients from at least one of the following countries: the USA, France, Germany, the UK, Spain and/or Italy.
Outcome measures
Outcome measures analysed by NMA included change in HbA1c (%) from baseline, change in body weight (kg) from baseline and rates of hypoglycaemic events (documented symptomatic and/or nocturnal) per patient year. A documented symptomatic event was defined as an event during which typical symptoms of hypoglycaemia were accompanied by measured plasma glucose under a threshold value. In the EDITION trials, the results were reported using both a concentration of ≤3.0 mmol/L and of ≤3.9 mmol/L. No restriction on the threshold levels was imposed. A 3.9 mmol/L threshold for the EDITION trials was selected to be consistent with the majority of other trials in the network. Nocturnal hypoglycaemic events were defined as any event (confirmed and/or symptomatic) occurring during a period at night.
Statistical methods
All analyses were implemented using the statistical software R and OpenBUGS, specifically the packages using Markov Chain Monte Carlo (MCMC). Examples of coding used are provided in an online supplemental appendix. Randomised clinical trials that were identified from a systematic literature review and that met the study selection inclusion criteria were analysed using a random-effect Bayesian NMA, following the UK NICE guidance. 9 Each outcome was analysed within the evidence network where it was reported. MCMC was used to estimate the posterior distribution for treatment comparison. Continuous outcomes (eg, change in HbA1c or body weight) were modelled assuming a normal likelihood and an identity link. Event rate data (eg, number of hypoglycaemic episodes per patient-year follow-up) were modelled using a Poisson mixed likelihood and log link. Non-informative priors were assumed.
Sensitivity analyses
Sensitivity analyses including meta-regression were conducted to evaluate the robustness of the findings. The base scenario included studies of patients on basal insulin-supported oral therapy (BOT; patients received basal insulin in combination with oral antihyperglycaemic drugs but with no bolus insulin; patients could be either-insulin naïve or insulin experienced). Additional scenarios were all studies (ie, patients receiving basal insulin with or without bolus), studies of patients on BOT excluding premixed studies, studies of insulin-naïve patients only, only studies with Week 24-28 results, and excluding degludec three times weekly (3TW) dosing. Meta-regression was conducted for key outcomes to account for study-level population characteristics, adjusting for the following: study-level baseline HbA1c, diabetes disease duration and basal-bolus population. In addition, broader definitions for hypoglycaemia were analysed. A comparison of NMA to classical meta-analysis in the base scenario (BOT) using an inverse variance-weighted method was also conducted.
RESULTS

Systematic literature review
Over 4000 studies were identified for screening, of which 86 were identified for data extraction; from these, 41 studies were included in the NMA ( figure 1A) . A brief overview of these studies is provided in table 1.
Included trials
All studies were randomised based on entry criteria, with interactive voice (or web) response system or telephone system as the main method of randomisation (n=22), followed by use of sequential numbers/codes (n=6) and electronic case record system (n=1); the method of randomisation was either not reported or not clear in the remaining studies (n=12). The majority (40/41) of studies specified an open-label in design (1 study did not specify). Loss to follow-up (ie, rates of discontinuation among randomised patients) among the studies ranged from 1.6% to 28.5%, with 10 studies reporting discontinuation rates <10%, 22 reporting 10-20% and 5 reporting >20% in at least one treatment arm (loss to follow-up was not reported in 4 studies). The baseline patient characteristics of patients in each of the 41 studies are provided in table 2.
Twenty-five of the 41 studies (61%) were of patients on BOT (main population for this analysis; n=15 746 patients). The evidence network for the BOT studies is depicted in figure 1B . Patients in the BOT studies had a mean age ranging from 52.4 to 61.7 years, duration of diabetes 8.2-13.8 years, baseline body weight 81.3-99.5 kg and HbA1c 7.8-9.8%.
Glycaemic control
In patients with T2DM on BOT (n=25 studies), the change in HbA1c was comparable between Gla-300 and insulin detemir (−0.08; −0.40 to 0.24), neutral protamine Hagedorn (NPH; 0.01; −0.28 to 0.32), degludec (−0.12; −0.42 to 0.20) and premixed insulin (0.26; −0.04 to 0.58) (figure 2A). These changes were similar to those in the overall NMA (n=41 studies) and across the various sensitivity analyses shown in table 3A.
Body weight
Change in body weight from baseline was reported in 36 trials in the NMA. Among patients with T2DM on BOT, no statistically significant difference in body weight change was observed between Gla-300 and detemir (difference: 0.69; 95% CrI −0.31 to 1.71), NPH (−0.76; −1.75 to 0.21) or degludec (−0.63; −1.63 to 0.35), whereas weight gain was significantly lower with Gla-300 compared with premixed insulin (−1.83; −2.85 to −0.75) (figure 2B). These changes were similar to those in the overall NMA (n=41 studies) and across the various sensitivity analyses (table 3A) .
Hypoglycaemia events
Among the studies identified, 20 trials reported nocturnal hypoglycaemia event rate data and 16 reported documented symptomatic hypoglycaemia event rate data that met criteria for inclusion in the NMA. The hypoglycaemia event data from each of these clinical trials are summarised in table 4.
Nocturnal hypoglycaemia
In patients with T2DM on BOT, Gla-300 was associated with a significantly lower nocturnal hypoglycaemia rate compared with NPH (0.18; 0.05 to 0.55) and premixed insulin (0.36; 0.14 to 0.94) and a numerically lower rate when compared with detemir (0.52; 0.19 to 1.36) and degludec (0.66; 0.28 to 1.50) (figure 2C). These changes were similar to those in the overall NMA (n=41 studies) and across the various sensitivity analyses (table 3A) .
Documented symptomatic hypoglycaemia
In patients with T2DM on BOT, Gla-300 was associated with a numerically lower rate of documented symptomatic hypoglycaemic events compared with detemir (0.63; 0.19 to 2.00), NPH (0.66; 0.27 to 1.49) and degludec (0.55; 0.23 to 1.34) (figure 2D). These changes were similar to those in the overall NMA (n=41 studies) and 11 Raslová et al, 46 Riddle et al, 18 Tinahones et al 22 and Vora et al. 23 †Numerator for discontinuation rate=randomised patients−patients completing the study; denominator for discontinuation rate=randomised patients. Exceptions noted in footnote ( §). ‡A=change in HbA1c, B=change in body weight, C=nocturnal hypoglycaemia rate, D=documented symptomatic hypoglycaemia rate. §Exceptions to definition of discontinuation rate/or discontinuation rate not calculable with information available: Gough 2013 reported that 460 were randomised 1:1 (3 were randomised in error and were withdrawn, 1 withdrew consent (all prior to treatment)) and 228 and 229 received detemir and Gla-100, respectively, however, completion/withdrawal not described; Kazda et al 15 reported 'drop-out' rates (however, numbers randomised to each group not provided and denominator may have been exposed rather than randomised patients); Swinnen et al's 39 brief report does not make clear what the denominator was for completion rate provided (did not report number randomised to each group, only total randomised; did not report numbers of patients completing the study-only the percentages); Hermansen et al: 43 denominator may be ITT population-475 were randomised but the breakdown between treatment arms is not clear; Haak et al, 42 reported rates based on patients receiving treatment rather than randomised patients; Raslová et al 46 reported rates reported based on ITT rather than randomised patients (ITT only 1 less than randomised, but number randomised to each treatment arm not provided in publication). In addition, Rosenstock et al 28 reported data over 5 years; however, only the first year data were included in this NMA. HbA1c, glycated haemoglobin; ITT, intention to treat; IVRS, interactive voice (or web) response system; NMA, network meta-analysis; NPH, neutral protamine Hagedorn; NR, not reported; OAD,oral antidiabetic medication; T2DM, type 2 diabetes mellitus; TS, telephone system. 
9
Open Access across the various sensitivity analyses (table 3A) . In the BOT population, comparative data for premixed insulin were not available for this particular outcome.
Comparison of NMA to classic meta-analysis findings
The comparison of NMA results that integrate all available evidence versus those from classical meta-analysis solely based on direct evidence in the base scenario (BOT) found generally consistent effect size across all four outcomes and tighter 95% CIs with the classical meta-analysis (table 3B) .
DISCUSSION
In this NMA of randomised clinical studies comparing various basal insulin therapies in patients with T2DM, the new concentrated formulation, Gla-300, demonstrated change in HbA1c that was comparable to the change reported in studies of insulin detemir, degludec, NPH and premixed insulin. Change in body weight with Gla-300 was significantly less than that with premixed insulin and comparable to the other basal insulin. Hypoglycaemia rates appeared lower with Gla-300 and the comparator basal insulin. The rate of documented symptomatic hypoglycaemia associated with Gla-300 was numerically but not significantly different from that of other basal insulin therapies. A notable difference was that Gla-300 was associated with a significantly lower risk of nocturnal hypoglycaemia (ranging from approximately 64% to 82% lower) compared with premixed insulin and NPH. These NMA data extend our current knowledge regarding Gla-300. Based on direct comparisons in the EDITION studies, Gla-300 was associated with comparable glycaemic control, but had a significantly lower rate of nocturnal hypoglycaemia compared with Gla-100. [6] [7] [8] The more flat and more prolonged pharmacokinetic profile associated with Gla-300 compared with Gla-100 may contribute to the reduced rate of nocturnal hypoglycaemia that is observed clinically. Reasons for the difference in pharmacokinetic profile between Gla-100 and Gla-300 are not known, but may be due to factors inherent to the retarding principle of the insulin glargine molecule and a phenomenon of surface-dependent release. 4 5 Gla-300 has a pH of approximately 4, at which it is completely soluble; however, once injected subcutaneously, the solution is neutralised and forms a precipitate allowing for the slow release of small amounts of insulin glargine. It has been suggested that the size (ie, surface area) of the subcutaneous deposit may determine the redissolution rate. 51 The finding of a significantly lower rate of nocturnal hypoglycaemia associated with a basal insulin analogue compared with NPH is consistent with previous meta-analyses. For example, a meta-analysis of randomised clinical trials comparing long-acting basal insulin analogues (Gla-100 or detemir) with NPH showed that, among 10 studies reporting data for nocturnal hypoglycaemia, both analogues were associated with a reduced risk of nocturnal events, with an OR of 0.46 (95% CI 0.38 to 0.55) compared with NPH. 52 Similarly, in the pivotal Treat-to-Target study comparing Gla-100 to NPH, the risk reduction with Gla-100 ranged from 42% to 48% for different categories of nocturnal hypoglycaemic events. 26 A subsequent meta-analysis of individual patient data from 5 randomised clinical trials comparing Gla-100 to NPH, reported reductions of approximately 50% in nocturnal hypoglycaemia with Gla-100. 53 Given these data, along with patient-level data from the EDITION trials, [6] [7] [8] which when pooled 54 demonstrated a 31% lower relative difference in the annualised rate of nocturnal events over the 6-month study period for Gla-300 compared with Gla-100, the even more pronounced difference in the rate of nocturnal events between Gla-300 and NPH in this NMA is expected.
The finding of fewer nocturnal hypoglycaemic events with Gla-300 compared with premixed insulin in this NMA is in line with 'real-world' data from the Cardiovascular Risk Evaluation in people with type 2 Diabetes on Insulin Therapy (CREDIT) study, an international observational study that provided insights on outcomes following insulin initiation in clinical practice. 55 In CREDIT study, propensity-matched groups were evaluated 1 year after initiating insulin treatment and showed that basal insulin was associated with significantly lower rates of nocturnal hypoglycaemia compared with premixed insulin. This also held true for propensity-matched analysis of basal plus mealtime insulin versus premixed insulin groups. The substantially lower risk of nocturnal hypoglycaemia associated with Gla-300 is an important finding given the clinical burden associated with such events. 56 In a multination survey of 2108 patients with diabetes (types 1 and 2) who had recently experienced nocturnal hypoglycaemia, patients reported a negative impact on their sleep quality as well as their functioning, the day after a nocturnal hypoglycaemic event. 57 Nocturnal events were associated with increased self-monitoring of blood glucose, and approximately 15% of patients reported temporary reductions in insulin dose. An economic evaluation of these data found that nocturnal hypoglycaemic events were associated with lost work productivity and increased healthcare utilisation. 47-50 †No direct evidence for specific comparison. BOT, basal insulin-supported oral therapy (ie, no bolus insulin); CrI, Credible interval; HbA1c, glycated haemoglobin; NA, not applicable; NMA, network meta-analysis; NPH, neutral protamine Hagedorn; T2DM, type 2 diabetes mellitus. Utilisation costs were estimated to be higher among patients who injured themselves due to a trip or fall associated with their nocturnal hypoglycaemia episode (approximately $2000 per person annually). While the findings of this NMA are promising for Gla-300, several limitations are evident. The studies included in this NMA were of open-label design, which is inherently subject to bias; however, this type of methodology is typically used in trials comparing insulin therapies due to visible differences between insulin products and/or differences in injection devices. A potential issue is that there was no multiplicity adjustment, and given that there were multiple comparisons, it is possible that positive findings were due to chance. In addition, trial-level summary data may not have been adequately powered to detect differences between products-for example, while randomised controlled studies of Gla-100 versus Gla-300 and pooled patient level data from these studies have shown that Gla-300 is associated with a significantly lower rate of nocturnal hypoglycaemia, the trial-level data comparisons in this NMA did not achieve significance for this end point. Finally, a well-recognised limitation of any NMA is that, by design, these are not randomised comparisons; however, these data can aid the decision-making process until prospective randomised comparative clinical trial data become available.
Strengths of the current NMA include that it was conducted in accordance with established NICE guidelines and that the estimates reported are in line with those in previous meta-analyses of comparative basal insulin studies. 52 53 59 60 NMA provides the capability of considering different pathways simultaneously rather than simple indirect pairwise comparison through multiple pathways. Another strength is the quality of studies included in the NMA (ie, the majority had discontinuation rates <20%). The studies included were similar in design and, from a clinical standpoint, heterogeneity of the patient population was not considered an issue. Results of the NMA were internally consistent with what was reported in individual RCTs. Finally, extensive sensitivity analyses considering subsets of studies, different hypoglycaemia definitions and adjusting for trial-level characteristics, supported the robustness of the findings.
In conclusion, clinical trial findings and the results from this NMA suggest that Gla-300 in the treatment of T2DM is associated with a lower rate of nocturnal hypoglycaemia than treatment with premixed insulin and NPH, while demonstrating comparable glycaemic control versus all comparators. Change in body weight was significantly lower for Gla-300 versus premixed insulin, and comparable with other basal insulin. These NMA data, along with randomised clinical trial findings of reduced nocturnal hypoglycaemia and comparable clinical benefits for Gla-300 versus Gla-100, suggest that this new basal insulin represents an important advance in insulin treatment for patients with T2DM.
